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SUMMARY

ik part of the general helicopter re8earch program being
undertaken by the National Aduisory Cbmnittee for Aeronau-
tics to provide des-ignwmun”thjundamenta[ rotor information,
the forward-$ight performance characteristics of a typical
single-rotor helicopter, which is equipped un”thmain and tail
rotors, hare been inw.stigated in the Langley fu[l-ecde tunnel.
The test conditimui included operation at tip-speed ratia8from
0.10 to 0.g7 and at thrust coeficient8 from 0.0030 to 0.0060.
Rewdte obtained m“th the production rotor were compared m“th.
those for an alternate 8et of bhdes having closer rib spacing
and a smoother and more accurately contoured eurface in
order to emluate the performance gain8 that are available by
the use of rotor blade8 ham”ngan improced surface condition.

Th-edata hare beenreducedin terms of the main-rotor drag-lijl
ratio8 and are presented in a 8eti~ of churts which fa~”litaie
making a rapid estimation of rotorforward-$ight performance.
The charts may be ueed directty for rotor8 that hare physical
characteristics m“milarto et”therof i% two te# rotor8. The
resuhe may be wed for rotor8of dij$erent8oliditie8 by appl~”ng
a correctwn to the power drag-hjl ra#io8used in the charts, and a
chart tofacilitate this correctionh included.

l%e wind-tunnel reeuff8are 8huumto beinfair agreementwith
the results of both$ight te8t8and theoreticalprediction. The
data indicate that large 8atings in the power requiredfor$ight
at any thrust coefiient result from the we of the 8mooth blade8.
Additional smaller 8a.ringsare also ghoumto reeuh from opera-
tion at [owerrotational 8peeds.

INTRODUCTION

As part of a general investigation to obtain rotor charac-
t+uistim for use by helicopter d~igners, the forward-flight
characteristics of a typical helicopter, which has a &gle large
main rotor and a small torque-compensating tail rotor, have
been investigated in the Langley fti-scale tunnel. Included
in the investigation was the evaluation of th~ resultant
forces on the complete helicopter and the power input to
the main rotor over a range of thrust coefhcien~s, angles of
attack, and tip-speed ratios. During a prelimina~ inves-
tigation of the static-thrust characteristics of six sets of rotors
(reference 1), the increased performance due to improved
surface condition was indicated ta be greater than say in-
crease produced by camber or twist. IL was decided, there-
fore, to investigate CISOthe effect of surface condition on the
forward-flight performance of the helicopter. This phase of
the investigation was conducted with the production rotor

W5885—5&17

and a set of smooth blades used in the static-thrust teats.
In addition to obtaining rotor-performance information, the
forward-flight. investigation served aIso to indicate the
feasibility of testing this size and type of aircraft in the
Langley fuU-scale tunnel by affording R comparison with the
results of concurrent flight twk. The force-teat data were
also compared with the results of calculations made using
methods of existing theory.

SYMBOLS

thrust coeficieut of main rotor
(P@;2.R~)

()
L

rotor lift coef.llcien t
1 ~#~5P

fuselage pitching-moment coefficient

(
Fuselage pitching moment

; pV2(xR~ R
)

fwelage lift coefikient

K::)

fuselage drag coefficient

rl~~w)

rotor thrust, pouncls
rotor tmque, pound-feet
anguhm velocity of rotor, radians per second ._._
mass density of air, sIugs per cubic foot
mass density of air at sea level under standar~

conditions, 0.002378 slug per cubic foot
distance from center of rotation to blade element
rotor- blade radius, feet
airspeed, feet per second
rotor lift, pounds
rotor soIidity (bZ/u~
chord at r

JR

()cr%?r
mean chord ‘R

T
r’dro

number of bl~dea
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tip-speed ratio
(’7::”’)

geometric angle of attack set. in tunnel; acute angle
between the center line of tunnel and a plane
perpendicular to the rotor shaft, negative when
tilt is forward

helicopter angle of attack; acute angle between
direction of air flow and a plane perpendicular
to the rotor shaft, negative when tilt is forward

mean blade pitch angle at 0,75R, degrew
power drag-lift ratio, ratio of drag equivalent of

main-rotor-shaft power absorbed at given airs-
peed to rotor lift. (QQ/TrL)””””

useful drag-lift ratio, ratio of rotor thrust along
flight path to rotor lift

rotor drag-lift rat io, equal to the sum of the rotor
induced drag-lift ratio and the rotor profile drag-
lift ratio

DESCRIPTION OF AIRCRAFT SETUP

A photograph of the helicopter mounted on the Langley
full-scale-tunnel baIance supports is shown as figure 1.
General characteristics and pertinent dimensions of the
aircraft are given in the three-view drawing of figure 2.
Additional information concerning the aircraft can be found
in reference 2.

Inasmuch as it w~s necessary to keep the helicopter
trimmed in the flight condition simulated, a direct-reading,
six-component, auxiliary strain-gage balance was designed
for the tests. Modifications were made to. the aircraft to per-
mit its attachment to the strain-gage beams at each support
point. Two streamline steel braces were installed between
the rear tunnel support head and the two forward supports
to reduce longitudinal stresses in the fuselage structure.

ltOTOES TESTED

Photographs and general dimensions of the test ~otm
blades, which are referred tn as tha “production blades”
and the “smooth blades,” are presented in figure 3. The
production. blades have a..radius of 1,9.feet rn.qsured from
the center of rotation, a total area ~three blades) of 65.4
square feet, and a solidity of 0.060. The bladee are tapered
in plan form, are untwisted, and have an NACA 0012 airfoil

FrGmE L-Eei103pter mountedfortats in LrmgieyfuMcoIctrmneI.
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section. The forward 35 percent of the chord is contoured
with spruce fairing strips. A wire cable fwnns tho trailing
edge., and the entire blade is covered with fabric having a
standard sp].aycd dope finish. The smooth blaclcs arc
identical to, the production blades in pitch distribution,
airfoil section, plan form, and solidity but have twice M
many ribs outboard of the 44-percent radius. In ath~t.iotl,
the folwarcl 35 percent of the chord outboard of tho 0.40fi
station was accurately iillcd to contour and given a smooth
W, and tho blacks were pohshcd with wax prior to the
tests,

INSTRUMENTATION

The necessary instruments, engine controls, and fligh~
co~trols were operated from the test house at the rear of the ._
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bidancc house. (See fig. 1.) Electric actuatom were used to
control the cyclic feathering and tail-rotor pit ch, and a
hydi-atdic actuator operated the pitch of the main rotor.
NACA control-position indicators were attached to the
linkages to show the control settings. The main-rotor pitch
was calibrated with a protractor fastened to one rotor blacIe
at the 14.25-foot radius (0.75R) with the feathering set to
zero.

In order to obtain more accurate mean blade-pitch anglea
thin could be determined by measuring the position of the
control linkages, a photographic system was used. A Bell
and Howell Eyemo motcn+riven 35-millimeter motion-
picture camera was mounted on the crown housing aiming
spamvise along one blade. Grain-of-wheat Iamps were
located on the upper surface of this blade near the leading
and trailing edges at the 0.45R, 0.75R, and 0.95R stations.
Lights on one test-chamber wall, which were photographed
once during each revolution, made it possible to determine
the azimuth angle for each Hm frame.

The shaft-power input to the main rotor and to the tail
rotor was obtained by strain-gage torque meters mounted
below the main-rotor thrust bearing and just forward of the
tail-rotor gear box, respectively.

TESTS

Force measurements were first made to M ermine the
aerodynamic characteristics of the fuselage for the following
three configurations:

Contlguration 1: Main and tail rotors removed, dummy
wheels inst alied, and doors, windows, and cabin vents closed.
This conlliguration is denoted as the basic condition.

Con6guration 2: Same as configuration 1, except windows
and cabin vents were wide open.

Configuration 3: Same as contlguration 1, but with the
Bell and Howell 35-rnillimet er motion-picture camera
mounted on the crov-n housing. The engine was idled at
1200 rpm for this condition to average the camera tares at
dit%mnt azimuth angles.

Data were obtained for the three configurations at rotor-
shaft angles of attack ranging from 11.5° to —15.5° for
tumel airspeeds from 30 to 85 miles per hour. Forces were
measured during these tests with the standarcl tunnel balance
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system. In addition, wool tufts were mounted cwwy 6
inches in staggered rows on the under side of the fgseltige
from the nose to the tail support, and the tuft behavior was
observed over the same range of angles of attack ,at a tunnei
airspeed of 62 miles per hour.

The testz with the main and the tati rotors installed were
made at angles of attack (referrecl to tunnel axes) from 9.5°
to – 5.6° for tunnel airspeeds from approximately 30 to 80
miles per hour for the smooth blades. Less data were ob-
tained for the production bIades, which were expected to
show itierior forward-fight. performance wit h regard to the
power requirecl. For each run, the blade-pitch setting was
varied from 4° to 12°. The side force and the rolling,
pitching, and yawing moments were set at zero as
indicated by the strain-gage balance. An attempt to -”
maintain the cruising power condition at an engine speed of
2100 rpm (main-rotor speed of 225 rpm) resulted in excessive
longitudinal vibration at tunnel airspeeds above 30 miles per
hour. Therefore, successive reductions in engine speed to
2000, 1900, and 1800 rpm (main-rotor speedof212, 203, and
193 rpm, respect.ively) were necessary as the airspeed was
increased. In order to reduce vibration further, the rigidity
of the supporting structure was increased by elimiiat ing the
standard tunnel balance system, making it necessary to
obtain all force data from the auxiliary strain-gage balances.

During each recording of data, the motion-picture camera....
was operated for 2 seconds at a speed of approtimately 4S
frames per second.

The axes about which the moments were trimmed inter-
sected at a point on the center Iine of the rotor shaft 56.52
inches below the plane of the flapping hinges, This point
falls within the center-of-gravity range corresponding to
normal loading.

RESULTS AND DISCUSSION

FUSELAGE

The variation of the lift., the drag, and the pitching-
moment coefficients with the angle of attack for the three
configurations at a tumel airspeed of 62 rnilcs per hour is
presented in figure 4.

Opening the cabin -rents and windows produced a small
increase in pitching-moment coefficient, little change in lift
coefficient, and had almost no effect on the fuselage-drag
coefficient for forward-flight attitudes. The addition of the
motion-picture camera to the basic configuration produced
an even smaller increase in pitching-moment co&cient, n
slight decrease in lift coefficient, and an increase in the drag
coefficient of an &verage of 4 percent over the entire 8ngle-
of-a t tack range. The variation of pitrhing-mornent coeffi-
cient with angle of attack was either neutrrd or unstable for
all three configurations t~ughout the angle-of-attack range.

The horsepower required to overcome the fuselage drag
at different airspeeds for the basic condition is given in
&ure 5. The values at airspeeds below 30 miles per hour
were obtained by extrapolation and are indicated by a
broken line. The fuselage angles of attack for which the
po~er ~as calculated were obtained from data in refer-
ence 2. At an airspeed of 80 miles per hour, 68 horsepower
or aImost 38 percent of the rated power of this helicopter is
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required to overcome the fuselage chg. For the high-speed
attitude. of —10° the equivalent parasite-drag area based on
a coefficient of unity iE 21 square feet. The minimum drag
coefficient referred to the pro jetted frontal area of the
fuselage is approximately 4)4 times that of a conventional
airplane fuselage.

The observations of the tufts ori” the under” side of the
fuselage for angles of attack from 11.5° to —15.5°. are shown
in figure 6. The representation of disturbed flow shows
approximately the nmgnitudc of the tuft motion. Sepa-
rated flow, indicative of Iarge drag Iosses, was present behind
the constant-width section of the fuselage at all negative
angles of attack. This result is in agreement with the rapid
increase in drag cod%cient observed from the force data.
(See fig. 4.)
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Di+e&m of air ffaw
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< Disturbed flow
@ Stalled reqian

. .

.’ -

(c)

. .

(d)

E

(e)

u

? (d ~+iw.
m --3.6”.
(o) a=o.n”.
(d) q--o.&.
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iFIGUEEO.-Toft obaervaclonaon understde of holkopter fuadaa’e. Tmmel ~hsped,
02dies per hour.
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ROTOR CHAkZACTEIUSTIC9

Inasmuch as it is desirable to present the results in terms
of the characteristics of the main rotor alone in order that
they might be more readily adapted to general use, the
fuselage, the rotor hub, and the tail rotor have been in a
sense considered as supports for the main rotor. The data
have accordingly been reduced by the following procedure:
The helicopter m.gle of attack and the lift and the drag
coefficient used in the ca.lculat.ions were correeted for the
jebbounda.ry effect by using the usual tunnel correction for
a wi~~ having the same area and lift as the rotor disk. A
plot of this jekboundary correction as a function of rotor
lift coefficient is shown in figure 7. A stream-angle correction
of —0.5° was also apphd to the data. The rotor drag-lift
ratios were evahuited from the following relation&ip given
in reference 3:

$=(9.+(3,+(3,+(3.(1)

where

P/.L power drag-lift ratio, ratio of drag equivtdent of
main-rotor-shaft power absorbed at given airspeed
to rotor lift (QQ/l?L)

();0 ro thr profile drag-lift ratio

D
()z, rotor induced drag-lift ratio

“D()En parasite drag-lift ratio

‘D”-
Uz, ratio of force along flight path available for hori-

zontal acceIerat.ion or climb to rotor lift

Previous experience has shown it convenient to regroup
the terms of equation (1) to give the relationship

:=(:),+@ (2]
u

where

“Duz, rotor drag-lift ratio
(G)o+@f)

D
()z. useful drag-Iift ratio, ratio of total rotor thrust along

the flight path to rotor Iift

((:)==(:),+(:).=(:)P:(%-G))

and subscripts

Pf p~site drag of fuse~age
pf partite drag of tail rotor
b drag measured by wind-tunnel balance

In equation (2), P/L and (D/L) Mwere readily obts,ind from
readings of the torque meter and the auxiliary strain-gage
balance during tests of the complete helicopter and from the
results of the fuselage force tests previously discussed. The
rotor Iift used in each term of this equation has been cor-
rected for the estimated downward load on the fusehge due

Rotor hff coefficren< Q.

Fmum 7.-Jet-boundwy camction appkl to @e ofattnel set In w!ndtumeL

to the induced flow through the rotor. This correction was
obtained by assuming the fuselage attitude to be the aero-
dynamic angle of attack minus the induced downwash angle
at the rotor, which was taken as 57.3CJ4 degrees. Inas-
much as the oamera was mounted on the helicopter through-
out the tests, the fusel~~e tares obtained for oon&n-ation 3
were used in reducing the data.

It was necessary to resort to the theory of reference 4 to
estimate the parasite drag of the taiI rotor. This estimate
was made by det ermining the theoretical value. of the mean
section proflledrag coticient, Which corresponded to the
shaft-power input obtahed from the tail-rotor torque-meter
reading. From this profledrag coefiyient and the vaJue of
the taiI-rotor lift obtained from the measured main-rotor-
&aft tozque input and helicopter yawing moments, the ratio
of the parasite drag to the lift of the tail rotor was calculated.
The equivalent parasitedmg area of the tail rotor based on
a coefficient of unity was of the order of 1 square foot for
all te9t condition.

The mean blade-pitch angle of the main rotor at the 0.75R
station 8 was obtained fkom the camera records. When
records vmre not available, the value of 8 was determined
horn the reading of the indicator attached to the pitch-control
Ii&age and from a calibration curve of this indicated pitoh
angle plotted against. the mean pitch angIe taken from the
camera records. The accuracy with which the mean pitch
angle could be found was about + 0.25°.

The final plots presenting the results of the forward-~ght
investigation were derived as follows:

(1) Values of P/L, (D/L)=, C=,,and a, were pIotted against

tip+.peed ratio p for the valu~ of mean pitch angle 8 at which
the taets were made. These curves -were prepared for each
tunnel angIe of attack aT. A faired pIot of the data obtained
at a tunneI angle of attack of .—5.6° is shown as a sample in
figure 8. It should be noted that the corrected angle Qf
attack a. differs from p= by the magnitude of the j et bound-
ary and stream-angle corrections. The symboI at defies
the attitude of the rotor shaft with respect ta the fkee-strea
direction but does not represent the forward tilt of tha ti
of zero feathering, which dtie~ from a, by the longitudinal
feathering required for trim.
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(2) C?rosaplots of the curves in item I were made in which
P/L, (D/.L)., C~r,and a, were plotted against o for a range

of vahws of g. A sample cross pIot at aT= –6.6° is shown
in figure 9. The curves drawn in this figure pass through
each of the cross-plotted poink taken from the data plotted-.
in step 1 and are not faired again.

(3) At even values of O, the terms P/L, (D/L)ti, and ~.,

were next plotted against a, for a range of vahms of p. These
plots eliminated a= as a variable. A samplo cross plot made
for a pitch angle of 8° is presented in figure 10. As in t.lm
previous step, the curves prtss through each of the cross-
plotted poiuts.

(4) FinaIIy, CL, and (D/L)U were piottd against P/L for

condit~ona of constant mean blade pitch angle and fo~ con-
ditions of constant rotor-shaft tilt @g, 11). Plots were
made for each tip-speed ratio. In this final step any small
waviness in the curves wore faired out, The lift coef%cients
corresponding to values of rotor thrust coefficient of 0,0030,
0.0040, 0.0050, and 0.0060 .wem then calculated. for each
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chart from the relationship

c.+ coda,

with a value of unity assumed for the term COS%’. The
Iines of constant-thrust coefficient wwe then drawn on the

plots of CL, against P/L and of (D/L). against P/L ta the

extent of the data. Although excessivo vibration ncrcasi-
tnted progressive reductions in the rotor spmd as tic tunnel
airspeed was increased, the data obtained at the different
rotor speids are in good agreement. Sufficicn t, overlapping
of test data is present to indicate that any eflccta duo to
operating the rotor at different speeds aro within tho cqxw-
imental accuracy.
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Charta of this form arc presented for the smooth blades in
figure 11 for tip-speed ratios from 0.10 to 0.27. SimiIar
charts prepared from the data obtained for the production
blades are given in figure 12 for tip~peed ratios from 0.17
to 0.22. The lines of constant mean blade-pitch anglo hnd
rotor-shaft angle of attack have been omitted from the lower
part of the charts for clarity.

These data, which were obtained on a rotor of 0.06 solidity,
may conveniently be applied to the study of rotors of other
solidifies by mtig a correction to the power drag-Lift
ratios. This correction represents the calculated change in
rotor induced drag-lift ratio caused by a change in solidity
at a fixed blade loading C~/a. From the simplifying assumpt-
ion (reference 4) that the rotor induced drag-lift ratio is
equivalent tQ C~,/4j the corrections to be. applied to the values

of power drag-lift ratio obtained from the charts of fig-
ures 11 and 12 have been calculated for soIidities of 0.03 and
0.09. The corrections are presented in figure 13 as a func-
tion of tip-speed ratio for values of C~/IJ of 0.05 and 0.10.
A linear interpolation may be used in obtaining the correc-
tions for other vrduw of u and C~/u. As the simphfied
method of computing the ro t.or induced drag-fif t ratios is
accurate ordy for a tip-speed ratio oL.O.15 or higher, the
corrections are not included for the lovmr tip-speed ratios.

b

The power required for a hdicoptm in steady fiigh ~ over
a range of thrust coefficient.a and tip-speed ratios and
equipped with either of two ro lors LCSt.ed can bc easily
determined from the charts, provided that tho fuselngo
characteristics for different airspeeds are known or can bc
estimated. From the charts just prwcnted, t-he fusclngc
data for tho basic configuration (ilg. 4) corrected for the
effect of the rotor-induced vclocitics, togethw with dm
variation of the helicopter angle of ntttick with aimpccd
from the data of reference 2, and the one-square-foot pmusilc~
drag area of the tail rotor previously dctcrmincd, the horsti-
power required for the Micnpter in unaccclcrutcd horizontal
fight at diflerent airspeeds was computed. The ctilculations
were made at thrust coefficients of 0.0050 and 0.0060 for
the helicopter having the smooth blades and at n thrust
coeilicient of 0.0060 for the same l.wlicopt(’r having L11o
production blades. At a f~w tip-epced ratios a small cx-
tmpolat.ion of the lines of ccmsttmt thrust cocfficicu~ shown
in ilgur~ 11 and 12 was made. The results are shown in
%yme IL .4s. fight dat~ obtained a~ a gross wcigh~ of
2,560 pounds and a density ratio of 0.924 were rtvaihddc
from reference 2 for the production blade.s, all calculat,ions
were based on this weight and density to permit a comparison
of the tunnel results with those of the flight tests. Tim 1
flight-test data for (7==0.0060 are included in figure 14.

(a) P-O.17.

FIGURE12—AerodwmIc ohemctezktka of the production rotor.
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(b) #-o.ls.

FLGUREM.–continued.
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Power drag -1177raiiO,P/L +

(d) P= O.XI.

FIGURE12—Continued.

Power dmg-liff rofk, P/L
(c)/i-o.21.

FIGURE12.-Conthued.
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Power d.ag-~ff rofio,P/L
(rJp-on.

FIOURE12—Concluded.

fip-speed ratiq p

FIcmrm 13.–Cmw3tiOU to be aP@fed to POW= dra@ift R3tiaobtainedfromeharb fmIWtOrs
harfng solfdities of 0.03and 0.09.

The large performance gains that cart be obtained from
rot or blacks which have less profile drag bemuse of an
improved surface condtion me clearly shown by the results
of the tunnel tests. Over the range of airspeeds for which
the data for the two rotors overlap, at a thrust coellicient
of 0.0060, the smooth blades require an average of 14 horse-
power less than the production blad~. This reduction
represents an average power sa~~ of appro.xima My 13
percent. ,These results indicate that the absemce or presence
of a satisfactory blade surface condition could mean the
ditTerence between unacceptable and acceptable forward-
flight performance. The stati*thrust resuIts of reference 1

FIGUBE14.—Power required in trimmed -t over?. range of ahpeeds by the smooth rotor
and the production rotor, and a oompaiean of the tunnel remits wkh dfght data fw the

groduetion rotor. GrcmRckht,X@lp00nd9;~=0.92L

and the results shown in figure 9, as vd as the theoretical
calculations presented in referrx?ce 5, proved that very sub-
stzmtial power savings can be obtained in all phasw of
powerecl flight by using rotor blades h&ing a smooth and
accurately contoured surface that wilI not deform during
flight.
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The data for the smooth blades also indicate that additional
power savings are availabIe at a given airspeed by flying at
lower rotor speeds which correspond to higher thrust coeffi-
cients. An average of 3.5 percent lMS horsepower is re-
quired for flight at a rotor speed of 200 rpm (CT= O.0060)
than at 219 rpm (C~=O.0050). .TMs saving may” be
attributed to the larger profle lift-chg ratios rea.lting from
th~ higher bIade section angIes of attack proscnt at Iosver
rotor speeds. However, the @ent to which the rotor speed
can be reduced will be limited by blade stalling.

Fignre 14 shows that the limited amount of data obtained
with the production blades is in good agreement with results
of flight tests made with a stiar rotor.

In ordei to determine hQw cLosely tie results could have
been predicted by theory, a comparison was made between the
full-scale-tunnel data and calculations based on the charts of
reference 3 for the helicopter flying with the smooth blades in
level flight. Figure ’15presents a comparison of ‘the forward-
flight performance of the Mic-opter equipped” with the
smooth blades as determined from the tunnel results and as
calculated by the charts of reference 3. The figure gives the
horsepower required for Ieval flight at thrust coefficients of
0.0050 and 0.0060 and shows fair agreement between the two
methods.

b
g
&

~

s

20

0 10 20 30 40 50 .60 70”” 80--30
Airspee~ nph

FmuEE 15.—A comparkwn of the exfxrfmentally detmmb.wd forward-uht performance of

~~., ,the helicopter with that determined from thmry. GroS wdght, C&Wpound% —-

CONCLUSIONS

The results of” the investigation of a
helicopter in simulated forwarcl-flighL
LangIi~ full-scale tunnel aro as foI]ows:

typical single-rohm
conditions in tho

I.-A- smoothw, more accurately anti pcrmrmcntly con-
toured rotor than the product ion rotor will permit the luJi-
copter to fly at a substantial reduction in the pmmr required
at any thrust coef%cient because of lower profllw-lrag losses.
At a thrust coefficient of 0.0060 the smooth-surfww rotor re-
quired an average of 13 percent less power for flighL over tht)
range of airspeeds from 44 to 60 miks per hour than did tho
production rotor. The presence or lack of a snwot.h rotar-
bIade surface condition can constitute t.ho diflcrcnec bctmwn
acceptable or unacceptable Micop ter pe.rformmmc.

2. Additional but smaLIer power savings were rerdimd in
operation at higher thrust coficients. h avcrago of 3.6
percent less horsepower was required in flight Wta rotor speed
of 200 ipm (thrust coef&ient, 0.0060) than nt 219 rpin
(thrust coefficient, 0.0050).

3. The results of the wind-tunnel inv=tigat.ion are shown
to be in fair agreement with resdts of fighL tests and with
the predictions made from the existing theory.

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,

LtitiLEY FIELD, VA., J?ebrumy 18, 1947.
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